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2019
PHYSICS
.(Honours Generic /'Regula’r) |
“Paper : PHY-HG- 1016/RC-1016
| (Mechamcs) |
Full Marks - 60

‘Time - Three hours

The ﬁgures in the margin indicate full marks
for. the questions. -

Answer either in English or in Assamese.

TS wd e e IR
1. Answer any seven .quesfions': T IxT=T
(a) If A=3i-j+2k and B=2i+3j-k,
what is AxB ? '

WM A= 31-_]+2k 9F B= 2l+3_] ~k

oS AXxBI W ¢
‘ ' " [Turn over



@) -Si+Ti1k G STeTienik
(ii)) 5i-7j-11k (v} —51-7j+11k
(b) Radius vector as a function of time in circular.
motion with angular velocity o is
T =(cosot)i +(sinot)j-
What is the value of 7.v2 o
R T @R @t 0 T IPIE (ST
T =(cosat)i+(sinot)] I a4 A I

AR SRR |
@ 1 ' (i) -1
@io = (i) 0?

(c) A differential equation is given*by
a(x)d?y/dx? + b(x)(dy/dx)?= 0.
It is an example of :
B! RPN AR O Al 4=t et
4l -7
. - a(x)d?y/dx? + b(x)(dy/dx)2= 0 |
R R TR e 2
() First order differential equation
_ AP WY TG TR
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(if) First order linear differential equation
2 TR ARE T

(iii) Second order linear diﬁ'erenﬁal equation
"ol AR "RT SRIE TR

(iv) Second order non-linear differential E
equation ‘

"ol WAk WAk wwFe AN -
(d) Which one of the following relations
- signifies conservation of angular momentum ?

| SREE TSl @H? .

() F-.v= constant (i) = constant
(i) F x‘w7= constant ‘(iv) ITxV=rv
() A particle moves in aforce field F(r) =f(r)t.

Which of the following statements -is
correct ? '

F(7) = f(r)f W G¥Ts AP GRS
FRE T6] [@INGT Ty ©F TG ?

(i)' Acceleration is zero.
W
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- (11) Angular momentum is zero.
@?lﬁas Wﬂ‘ = AT
‘(m)A Angular mqmentum is conserved.
e SR vi'aw;r !
(iv) The particle moves in straight line.
| R e @W S |

() Escape velomty from a planet whose radius -

~ is same as that of the Earth but whose
vacceleratlon due to grav1ty is 10 tlmes that
of the Earth is

Bt oz eI qﬁ@am«w Gakuicl

NGRS w191 W AT 10 @ | @ 7S
oo @9 TR

(@ 10 times of Earth
AT 10 @‘1 |
© (i) U10th of Barth
SRE 1710 wet
(i) 10 times of Earth
RS IO ot

.
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O
(iv) T‘\/ﬁ‘th of Earth

e -
\/ﬁ)- S

(g) Equation of motion of ‘a simple harmonic
oscillator is given by d?x/dt?+8x = 0.

What -is the frequency of oscillation ?

 Fa @x/de+8x = 0. TR I e
. i C

(@ T © (i) 2n Hz
£ (iv) 2 Hz

(h) Young’s modulus of a wire is Yf 2x10"N/m?.

If it is reduced to ExlO%ON'/ m? what will

be the longltudmal strain produced 1f the wire
is under same stress ? :

O S TR BIE T Y; =2x10'N/m’.
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Lo 1 |
I @3 I I 5‘><10‘°N/m2 W (OB G

BIoIF NI SEETe SRy BN [ AR e

1 :
© () Stress x =Y; (i) Stress x 4Y,

@

41

A x ZYi' oA x 4Y,

’

(i) Stress x —Y;  (iv) Stress x 2Y,

2

1 .
Bt x Y, Bist x2Y,

An observer is moving with velocity v

"parallel to a light ray. With respect to the

observer the velocity of the light ray will

 be

.Wwv@w@cﬂmaﬁaﬁ?

TRE o) e IR e e

AT (AR IPAGR Q@ T

@ C-v ) C + v
(i) C (V)0
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2. Answer any four -questions;' L 2x4=8

@

(b

The angular momentum of ‘a bicycle rim
decreases from 3.00 to 0.800 kg.m%sec in

1.50 sec. What is the torque acting on the

rim ? ' . )

Wﬁmqﬁwﬁm@mwmso
(e foeee 3.009 Rt 0.800 kg.m?/ (X
&1 <fe | RO esixe eares C{EH’GTW

AR R 2

A force acts on a 3.0 kg. particle in such a .
way that its position‘(x) is given by x = (3.0)
t — (4.0)2+ (1:0)8 (x in meters and t is in
seconds).-Find the work done on the object

- by the force from t=0 to t=4.0-sec. 2

o 51 At TN TS TR GBI T TR
st were faAt «qd TN =W x = (3.0)t —
4.0+ (1.0) T x R =% t ces
&Y R t=0 F *’ t=4.0 (IS TS
SO IGIR FAPGR evﬁvs F] IR
Sif¥mid SRt 3=
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(c) How far is the center of mass of the Earth-
Moon system from the center of Earth ?
Given mass of Earth m =5.98x10* kg, mass

- of Moon m2=’/'_.36>.<1022 kg, and their
-separation is d=3.82x10° m. 2
AR SIF 5EF ~rafoON eI <fRTN
| (e 79 R e SrifFe ? At e, SR
©I m,=5.98x10% kg, 5&F ©F m,=7.36x10%
kg OiF 93T o[ vER {9 d=3.82x10°m.

(d) An astronaut puts a 7.20 kg ball into a
- circular orbit around the Earth at a height

h =350 km. Calculate the total energy of the
ball. Given radius of the Earth = 6370 km,
mass of Earth = 5.98x10%* kg. 2

TR e SR e @ 350 km
Twole 7.20 kg S} I WDOIF JSITR FFALS
- ol SR | TEOR o 1 ot vt Frt i,

o3 =1 = 5.98x10%kg. WF qﬂ%ﬁ S
=.6370 km. |

Or/WQI?ﬂ

A particle of mass m is moving around a
planet of mass M in a circular orbit of radius
r due to gravitational force. Show that total
GmM

2r
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energy of the mass is E=—




| SRR oS m R T.4B M O &R B
Gt + TP R TEALS AR IR
R | - (TS @ I[WOR P E ‘

GmM
S 2r

Ee

(e) Position of a damped oscillator is given by
x(t) = ae?™ cos(at+a). Where a is the
amplitude, b is the damping constant. What-
is the energy of the oscillator ? At what time
the amplitude becomies half of its intial
value? | 2.

sEafie @EE B x AT A
() = ae™82™ cos(ot+a) TO a TA (IF Rer
T b T4 SR 47 | (EPOR e R e
R AR SIS (AR RO
Reies =it 9 2 o
3. Answer any three questions : 5%3=15
(a) What coﬁple must be applied toa tm long wire
of diameter 1 mm in order to twist it through

90° and the other end remaining fixed ? The
rigidity modulus is 1 =2.8x10°Nm2. " 5

v

L 4
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1m 19T I 1 mm PR SR GBI 907 Il
TS | ST SINCH! T ¥ B A o @ =

C (OU® GINGIE 2R RN IemiNe AP e

(b)

SRTITH po! BF o 1=2.8x10"Nm2|

A particle is moving with velocity 1.5x107

. m/sec along +X axis. Another particle is
- moving along — X axis with same velocity.

| particle with respect to the first particle as per

What will be the relative speed of the second

. law of relativistic "a}ddition of velocity ? How

much different your answer is from Galilean

Law of velocity addition ?

A Im long rod is moving with a velomty
v =0.8C m/sec. How much will be the length

o contractlon ? 2+142=5

SRR @Bt 1.5%10m/sec €U +X o fs
sifs IR =2 @UIE - xwﬁﬁ—w
o IR oS IR SRR @R
Q@ AT WS ATH SR AieE BoE

- IRIGR @ BN T3 @R BeIBR W

CHfEToR R ot TR Colidt Beteis i
@@t? Im ™R o3 ol v = 0.8C m/sec

'@zmw%asﬁmlmwmwﬁm

7q?
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(c) Show that energy of a damped oscillator
decays exponentially. If b < Jkm , what kind
of oscillation do you expect ? The mass of
a damped oscillator is m=200g, spring
constant is k=90Nm™ and dampend constant
is b=40 gs-'. Calculate the time t,, at which

“energy of the oscillator becomes half of its
initial  energy. © 241425

SRS Cilee @Bl ©F m=200g: Fer &=F

k=90Nm™ T SATH &< b=40gs™ | A=
.. wEe (eed S RS «fes wna 73

et (@ SRS (e e PRSI

(exponentially) ¥ “IF|

i b<km =, m e E R

. mﬁ ? -

3

(d) A rocket of mass m is moving along X-axis
with velocity v. Fuel of mass dm'’ is ejected |
with constant velocity u in the backward
direction. Use" conservation of linear
momentum to show that change in velocity of
the rocket is dv=u dm’/m. If dm=-dm’is the
charge in mass of the rocket, show that.final
velocity of the rocket is '

* 11/3 (Sem-1) PHY-HG/RC 1 (1)  [Tum over



v=V,+uln(my/m), where-v_ is the initial
velocity and m, is the initial mass of the
rocket. What measure is taken by engineers
to maximize the rocket’s final velocity ?

A . 2+2+1=5
m S T Bl xR e v @ A

IR dm' ARMR w9 <059, Pl u
@RI IR €A e (JBT AT Reifre
o) | taRe SR AT | A IR
OTYeT (¥ (6] R e AR dv=u

dm'/m. T dm=-dm’ T SIS TR AR

T oY @ TROOR SR @t
v=v,tu ]n(molmj. ~ |
RS v, T T ARS @ A m, 2
709 ARMF 11 TR WRW @l s
IR ST e & 7R o e

(¢) Show that for a centré.l force FE)=f(r)T,
- angular momentum is conserved. Show that.

. areal velocity of a particle moving in a
central force field is constant. Give the
statement of Kepler’s third law.

2+2+1=5
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o odm = @B B =) T I oo =1
Zm o @ ST SN I 2|
TPeT @ TR IR G e IR A
P! GBI 7 (391 At areal velocxtyW?Tﬁ‘l"

| PO O ! 4P T
4. Answer any three questlons i - 10x3=30

mﬁﬁﬁmwm

(a) A coppér wire of 2m length and
6.25x10~m? cross-section is found to stretch
by an amount 3><10‘3m under a tensmn of
1x10° N. Calculate the Young S modulus of
the W1re

Establish the relation between ‘Young’s |
modulus (Y), bulk-modulus (k) and rigidity
‘modulus (7). 3+7=10

2m FRE AIF 6.25% 107 m? o[5Ife P41 St

@@ 1x10°N 391 el F99 FoTe 3x10°m
e e | SRTER TET weliks Ref 7

ZAEH ST (Y), TR Sl (K) S ol
@‘1‘]“@‘ (n)a W ﬂﬁ@'ﬂ W zztvm 3t

.....
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;‘ (b) Write down the equation of motion of a

©

torsional pendulum and show that its time
period is T = Zn,/y , where I is the moment
of inertia and C is couple per unit twist.

Describe how torsional pendulum can be

used to determine rigidity modulus.

242+6=10

et oreRe i R FRRRCE! Bt oI
(TSR (T B CTERR SREERE T =2}

TS | Lo (MIEFOR 6 Qe W% C- T ofs -
| GFF @I TR AR Tl e @ | A
| mewﬁﬁ@wm_
3t T ~

The position vector of a particle is xy plane

is given by T=acoseti+bsinwt] where a,
b and @ are constants. Show that the particle
follows the equation of motion,
s ] .
—5'+0)21' 0.
dt
In xy plane the force acting on a particle is

F=(2.0x)i + (3.5x2)j. If the displacement

~ vector is df =dx i +dy j, calculate the “work

done by the force in bringing the p’articlel

from the point (0, 0) to the point (2, 4) along

11/3 (Sem-1) PHY-HG/RC 1 (14)
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in

the curve y=x2 If the velocity of the
particle of mass 1.0 kg at the point (2, 4)
is 40m/sec, what was the velocity at the
initial point ? - 2+5+3=10

Xy TETS P GBI SR (I T

, f=acosmtf+bsincot}_’¢€ a, b, 9F 0 &K

mﬁnmﬁem@wmww

xyﬂﬂWW«ﬂﬁN\'smﬁmﬂaWﬁ
F=(20x)i+(3.5x%)]. /M 4 (=F0m

© o df=dxi+dy] ¥ y=x* IFRAF (0,0) Rega

@

1 (2, 4) R FAISA AN IANBI @oi7
FEAGIE I FIGI sk a7 1 3w (2, 4)
R 1.0 kg S| FAW GBR @ 40m/sec T
(TS ﬂsﬁ?ﬂﬁ?ﬁ RS @t Refm =t

Construct the differential equation - of a
simple harmonic oscillator. Deduce that
acceleration of the oscillator is proportional
to square of its angular frequency. Neatly
draw the displacement x(f) of a simple
harmonic oscillator, underdamped oscillator
and overdamped oscillator. Neatly draw a
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’

compound pendulum showing the centre of
mass, point of suspension, moment of the
‘force and the angular displacement. Express
its time périod. . - 2+1+3+2+2=10

-‘bwmma‘mwﬁwﬁtﬁ@q
W MRS @ @8 MERPOR W @S
FoIER IR TIPS | @Bt ARSI Bae
T IS (T, SRS (IS o ST
SRS (I T x(t) (16T | P AT |

“ (compound pendulum) €BR STENR FA1 &,
| o, Il W% e TR orgaiR fofee
TR TR aer w1

_(€) What are the postulates of special relativity ?
" Express Lorentz transformation equations for
two reference frames moving relative to each
other along: X-axis. Deduce length contraction.
‘Obtain the formula for addition of velocities
from Lorentz transformation equations. :
: 2+4+2+2=10 .

WWWWMIW ’
fofiea ATFIIET AN 3, e 73W 2R
: aﬁiﬂaﬁﬂmmﬂwx-wmﬂ%
IE| G TGP ARG Shveat|
- am%mwmﬂmw @ﬁamﬂwm
s
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(f) Describe the method of solvmg a dlﬁ'erentlal
‘ equatlon of the type :
- d2y  dy
—5+a,—+azy=0
8 dx? a dx a3y =0

where a,, a,, a, are constants. Use it to obtain
the solution of the cquatlon for a damped

oscillator
dzy+2bd +w y=0 : 7+3~='10
ca? o dt . S
WWWWWW a‘ﬁt
Lol

d’y dy | .
e L ey =0 Ta, o, 8, 57

,mﬂlﬁﬂﬁﬁswﬁwmﬁwm

: 2
Mww: d—+2b‘;{+wy 0.



